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Abstract: It is known that milk production is directly correlated with the blood flow through the mammary gland, and milk veins
drain approximately 90% of the total blood passing through this organ. The aim of the present study was to determine the relationship
between milk vein internal diameter surface and milk production in Simmental cows. The milk vein internal diameter was measured
by ultrasonography in heifers during the 2nd month of the first gravidity, and again on day 50 following the second calving. After the
application of exclusion criteria, the internal vein diameter surface area was mathematically calculated (mm2) for a total of 80 cows.
No significant correlation between milk vein internal diameter surface in heifers and milk production for the same animal during the
second lactation was recorded. However, greater milk vein internal diameter surface 50 days following the second calving was correlated
with higher milk production during the second lactation (P < 0.05). These findings suggest that ultrasonography is a useful tool in
calculating the milk vein internal diameter surface as an indicator of possible milk production in Simmental cows.
Key words: Cow, ultrasonography, milk vein, milk production

1. Introduction
Blood supply to the udder is critical in milk production,
since it provides necessary constituents that are converted
to milk as a final product. It is estimated that for production
of 20 kg of milk/day during a 24-h period, approximately
9000 L of blood needs to be circulated through the udder
of a dairy cow (1). The leading factors influencing milk
production in cattle are management (2,3), nutrition, (4),
age (2,5), breed (4,5), parity (2–4), year (3,5), and season
in which lactation started (2–4). In addition, the persistent
level of the highest milk production (6), environmental
factors (3), climate (5), genetic background (7,8), diseases,
and feeding regimen (9), along with lactation length and
parity, have also been reported to affect milk production
(6,9,10).
The milk vein (vena epigastrica cranialis superficialis
s. vena subcutanea abdominis) exits the mammary gland
at the anterior pole of the udder and passes along the
abdominal wall, enters the body cavity at the level of
xiphoid process, an area known as the “milk well” (fons
lactis), and eventually empties into the vena cava (11).
According to Huth (12), approximately 90% of blood is
carried out of the mammary gland by milk veins, while the
* Correspondence: zobel.robert@gmail.com

remaining 10% drains via the perineal vein. The mammary
blood flow increases in proportion to the cardiac output
(13) caused by the increase in the heart rate and the heart
volume, and it represents the basic mechanism to meet the
increased demand for blood supply during lactation (14).
The amount of the blood supply is closely related to the
level of milk production (15), with mammary blood flow
in nonlactating cows being much lower in comparison to
lactating cows, as well as in low-producing compared to
high-producing cows (16–18).
Historically, the anatomic location and easy
accessibility of the milk well and milk veins, and especially
measurements of their diameter and shape, were useful
tools for predicting the milk yield in lactating cows (19,20).
Today, modern technologies could be applied: the milk
vein in dairy cattle is suitable for ultrasonography due to
its superficial position, size, recognizable shape, and easy
access (17,18,21,22).
Given that the mammary gland blood supply is
higher in cows with higher milk production, and that
milk veins carry approximately 90% of blood output
from the mammary gland, we hypothesized that higher
milk production, and thus higher blood flow through the
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veins, would be correlated with greater milk vein internal
surface. Due to the limited and insufficient data in the
available literature, the aim of the present study was to
use ultrasonography to determine the correlation between
milk vein internal diameter surface (MVIDS) and milk
yield in Simmental cows.
2. Materials and methods
2.1. Animals
A total of 138 Simmental heifers were included in the study.
The study was conducted on a single commercial dairy
farm over the course of 8 years in Sisak-Moslavina County,
Croatia, in order to exclude possible influences of the farm,
management, and breed on the results. Furthermore, all
cows included in the study calved between February and
May in order to exclude calving season as a factor in data
analysis. The average milk yield was recorded during the
2nd lactation in order to exclude possible influence of age
and parity on results, and it varied from 3909 to 8488 kg
of milk per animal per year. Heifers, lactating cows, and
dry cows were housed separately in free stalls in groups
of 30 to 90 animals with the possibility of grazing during
the day hours from February until November. During the
cold period, animals also had the possibility of going out
voluntarily. Animals were fed hay ad libitum. Concentrate
consisting of barley, oat, corn, soybean, and straw mixed
with corn silage and grass silage was provided twice a
day according to the milk yield. Before inclusion in the
study, heifers were scored for body condition according
to Edmonson et al. (23) during the 2nd month of the
first gravidity. Only animals with body condition score
between 3.25 and 3.75 were included, while others were
excluded due to the possible effect of obesity or poor body
condition on the results. The same exclusion criteria were
applied to animals examined 50 days after the 2nd calving.
In addition, exclusion criteria included cows suffering
from polyarthritis, recurrent mastitis (mastitis occurring
more than once during the previous or second lactation),
increased somatic cell count (>200,000 CFU/mL of milk)
for more than 2 months during the first lactation, cows
with one or more dry quarters, animals with extreme
deformities of the hind limbs or laminitis, and cows
suffering from dystocia at the 2nd calving.
2.2. Experimental protocol
Measurements of the internal milk vein diameter were
done via ultrasonography using a 7.5 MHz rectal linear
probe (Draminski PROFI L, Olsztyn, Poland). The
measurements were taken in heifers during the 2nd month
of the first gravidity, and again in the same animal on day
50 following the 2nd calving. The hair was shaved, skin was
disinfected, and contact gel was applied to the probe and
the skin. The animals were not sedated and stood during
the evaluation process. The measurements were taken
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at an arbitrarily selected point 25 cm caudally from the
milk well for the left and right milk veins, with minimal
pressure applied in order to minimize compression of the
milk vein during the procedure. The veins were examined
in longitudinal and cross-sections, with the transducer
surface positioned perpendicular to the vein. The internal
vein diameters (intimal-to-intimal surface) were measured
in cross-section after freezing the ultrasonographic image.
Left and right milk vein diameters in each animal were
summarized and divided by 2 in order to obtain the mean
milk vein inner diameter value for further mathematical
calculations. As a milk vein in cross-section has an oval
shape, the mathematical formula πab was used (a = the
smaller milk vein radius, b = the larger milk vein radius,
π = constant) in order to calculate the MVIDS expressed
in mm2.
The data regarding the milk yield for individual cows
during the 2nd lactation and the somatic cell count were
provided by the Croatian Agriculture Agency (HPA).
2.3. Clinical examination
Body temperature was measured daily during the first
10 days following the second calving. Gynecological
examination (vaginoscopy, transrectal examination, and
ultrasonography) was performed twice weekly during
the first 2 weeks postpartum. Physical examination
included appetite evaluation, general condition, heart
and respiratory rates, and ruminal motility assessment.
Urine samples were analyzed by a strip test (Combur-Test,
Roche, Basel). Clinical examination included inspection
and palpation of the udder, gross examination of the milk
from each quarter, and the Zagreb mastitis test. During the
third and fourth week postpartum, cows were examined
once weekly, and then at 2-week intervals during the
second month. Animals diagnosed with fever of any origin,
cows with any postpartum pathological uterine condition
(including retained placenta and clinical endometritis),
and animals with any abnormal physical exam findings
were excluded from the study. After applying all exclusion
criteria, a group of 80 animals was selected for further
statistical analysis.
2.4. Statistical analysis
Milk vein internal surface in mm2, distance of the vein
from the skin surface in mm, and milk yield in kg were
analyzed using categorical data modeling (StatSoft, Tulsa,
OK, USA). Frequencies, means, and standard deviations
were calculated, and differences were analyzed using
analysis of variance (ANOVA) and an unpaired twosided t-test for normally distributed variables. Pairwise
analysis of factorial ANOVA was performed according
to the Bonferroni–Dunn post hoc test in order to prevent
inflated P-values. Results were found significant when P
< 0.05.
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3. Results
The results of the ultrasonographic measurements and
mathematical calculations of the MVIDS are presented
in the Table. In heifers, no significant correlation between
MVIDS and milk yield following the second calving was
recorded. On the other hand, in adult cows, differences
regarding MVIDS, measured 50 days following the second
calving, and milk production during the second lactation
were found to be statistically significant. As presented, the
greater the MVIDS, the higher was the milk production
(P < 0.05).
The distance of the milk vein from the skin surface
was greater for cows compared to heifers (P < 0.05), yet
no significant relationship between the milk vein distance
from the skin surface and milk production was recorded
in heifers and cows.
4. Discussion
Our results showed that the MVIDS is in positive
correlation with the milk yield in adult cows 50 days
following the second calving: the greater the MVIDS, the
higher the milk production. This is in concordance with
the previous findings of Braun and Hoegger (17) and
Huth (12), who measured the blood flow through the
milk vein. As these measurements used color Doppler
ultrasonography (17,18,24), to our knowledge this is
the first report of the use of ultrasound to calculate the
milk vein internal surface area as a prognostic criterion
for predicting milk yield in cows. Our results are also
supported by the previous reports of Davis and Collier
(15), Kensinger et al. (16), Braun and Hoegger (17), and
Braun and Forster (18) with higher blood flow in lactating

compared to nonlactating cows, and in high-producing
compared to low-producing cows. On the other hand, no
positive correlation of the MVIDS measured in heifers (on
day 50 of the first gravidity) and the milk yield in the same
animal following the second calving was recorded. Hence,
this measurement has no predictive value for future milk
yield. These results were not surprising, since the somatic
growth and development of the mammary gland continues
during the first and second pregnancy in cows (25).
Dowling (26) reported that the skin of cattle is thin at
birth and becomes thicker with age. Our study also found
that the distance of the milk vein from the skin surface is
greater in cows compared to heifers, but this showed no
correlation with milk production.
Contrary to recent reports of Braun et al. (22), our
study showed statistically significant correlation between
the milk yield and MVIDS calculations 50 days following
the 2nd calving. Differences between these two studies
could be related to the small sample size (8 cows) and
different breed (7 cows were Swiss Braunvieh) in the cited
study. Our sample size of 80 cows of Simmental breed (a
dual purpose breed: meat and milk production) included
in the study could also have influenced the results due to
the small sample and one breed of animals included.
Based on the reports that blood flow through the
udder is higher in higher milk producing animals, and
that milk veins drain 90% of the total blood volume
from the mammary gland, the presented results are in
agreement with our hypothesis. These results offer a simple
measurement method in Simmental dairy cows by using
ultrasonography for predicting the milk production level
after the 2nd calving. However, these findings offer only

Table. Milk vein internal diameter surface and distance from the skin in heifers and cows compared to milk yield during the second
lactation presented as mean, SD, min, and max.

Group

Cows

Heifers

MVIDS

Distance

MVIDS

Distance

3800–4000

134.5 ± 0.16a (129–151)

14 ± 0.121a (11–16)

66 ± 0.06a (63–69)

8 ± 0.122a (6–12)

4001–4500

176.4 ± 0.23b (148–198)

13 ± 0.121a (9–15)

63 ± 0.11a (57–69)

9 ± 0.142a (6–12)

4501–5000

247.1 ± 0.46c (195–257)

15 ± 0.051a (14–16)

69 ± 0.12a (65–71)

7 ± 0.122a (6–10)

5001–6000

338.3 ± 0.12d (322–351)

15 ± 0.091a (12–16)

69 ± 0.22a (62–73)

10 ± 0.212a (8–13)

7000–8000

388.8 ± 0.44e (344–398)

13 ± 0.111a (10–15)

74 ± 0.21a (66–79)

9 ± 0.322a (8–15)

8001–8500

421.1 ± 1.39f (395–432)

12 ± 0.061a (11–14)

73 ± 0.09a (70–76)

9 ± 0.122a (8–10)

Group: Milk production (kg) during the 2nd lactation; Cows: cows following the 2nd calving; Distance: distance between the milk vein
and skin surface expressed in mm; MVIDS: milk vein internal diameter surface expressed in mm2.
a,b,c,d,e,f
: Values marked with different letters within the same column differ significantly (P < 0.05).
1,2
: Values marked with different numbers within the same row differ significantly (P < 0.05).
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a predictive value for selection purposes under similar
management practices, since many external and internal
factors can influence milk production in lactating animals.
Future larger-scale studies are warranted in order to
confirm the possible correlation of the MVIDS following

the first calving and future milk yield for dairy cows of
different breeds. If confirmed, these results would improve
predictive methodology and facilitate selection of cows on
commercial dairy farms for increased milk production.
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